The present study aimed to investigate the prevalence and quantity of Lactobacillus species in the vaginas of healthy Chinese women. Vaginal samples from 92 fertile and 22 postmenopausal healthy Chinese women were analysed using a 16S rRNA gene clone library and species-specific PCR followed by sequencing and real-time PCR. A total of 13 different Lactobacillus species were detected. Species-specific PCR showed that 3 % of the fertile women were colonized by one species of Lactobacillus and 97 % were colonized by two or more species. Among the postmenopausal women, 91 % were colonized by one species of Lactobacillus and 9 % were colonized by two species. In the fertile women, L. iners (82.61 %), L. crispatus (70.65 %) and L. gasseri (67.39 %) were more prevalent than L. jensenii (40.22 %), L. acidophilus (39.13 %), L. brevis (23.91 %), L. plantarum (5.43 %), L. johnsonii (3.26 %), L. fermentum (2.17 %), L. salivarius (2.17 %), L. rhamnosus (1.09 %), L. reuteri (1.09 %) and L. paracasei (1.09 %); L. delbrueckii was not detected. In the postmenopausal women, L. fermentum, L. rhamnosus, L. reuteri and L. delbrueckii were not detected, and the other 10 species were detected in just a few samples. The prevalence of these species according to the clone library differed from the prevalence indicated by the species-specific PCR. According to the semiquantitative analysis, the total Lactobacillus DNA concentrations were higher in fertile women than in postmenopausal women. Sixty-one per cent of the fertile women were predominantly colonized by L. iners, 35 % by L. crispatus, and 2 % by L. gasseri. Associations between pairs of Lactobacillus species in fertile women were significant (P,0.05) between the following pairs: L. iners and L. gasseri, L. iners and L. jensenii, L. iners and L. acidophilus, L. gasseri and L. acidophilus, and L. gasseri and L. jensenii. In conclusion, this study provided detailed information on Lactobacillus species colonizing the vaginas of healthy Chinese fertile and postmenopausal women. The study also showed that the diversity of Lactobacillus species in fertile women was higher than in postmenopausal women. According to our study, different techniques, such as species-specific PCR and comparison against a 16S rRNA gene clone library, resulted in different findings regarding species prevalence. These findings highlight the importance of standardization of techniques used for evaluation of bacterial communities. According to our findings regarding species associations, L. iners and L. gasseri may have influences on colonization and proliferation of other vaginal Lactobacillus species.
INTRODUCTION
Lactobacilli have been found to be predominant colonizers of the vagina of most healthy women. In fertile women, oestrogen stimulates the proliferation of vaginal epithelial cells to produce high levels of glycogen. Glycogen is metabolized by lactobacilli, which results in an increase in lactic acid and other organic acids, thereby lowering the vaginal pH to 3.7-4.5 (Boskey et al., 1999) . In postmenopausal women, decline of oestrogen levels leads to a decrease in lactobacilli and an increased risk of urogenital tract infection (Devillard et al., 2004) . However, previous studies found that vaginal lactobacilli can be restored to some extent in postmenopausal women who receive hormone replacement therapy (Heinemann & Reid, 2005) . The normal microbiota of the vagina may prevent the colonization of pathogenic micro-organisms, including those responsible for bacterial vaginosis (BV) (Anukam et al., 2006; Martinez et al., 2009) , yeast infections (Martinez et al., 2009) , urinary tract infections (Cadieux et al., 2009; Shiraishi et al., 2011) and sexually transmitted diseases (Bolton et al., 2008) .
Evaluation of the normal vaginal microbiota, regarding the quality and quantity of its Lactobacillus content, has become more and more important due to the high number of incidences of vaginal microbiota disturbances, especially those causing BV. The expected cure rate of BV after standard antibiotic treatments is 70-80 % for metronidazole and 82 % for clindamycin 1 month after treatment (Joesoef & Schmid, 2003) . However, 3 months after treatment, the recurrence rates can be as high as 15-30 % and 50-60 % for metronidazole and clindamycin, respectively (Sobel et al., 1993; Bradshaw et al., 2006a) . Recurrence may partially depend on microbial resistance, a growing problem worldwide, as well as the destructive effect of antibiotics on the vaginal microflora (Vermeulen et al., 2001; Reid, 2006a) . Therefore, development of alternative or supplementary treatments is appealing. Administration of selected exogenous Lactobacillus strains seems to be a suitable course of alternative or supplementary therapy (MacPhee et al., 2010; Reid et al., 2011) . For example, the study made by Reid et al. (2003) indicated that orally administered L. rhamnosus GR-1 and L. fermentum RC-14 led to reduced vaginal colonization of potential pathogenic bacteria and yeasts 28 days after the administration. Moreover, according to in vitro studies, L. rhamnosus GR-1 is highly adherent to vaginal epithelial cells and is able to inhibit growth and adhesion of pathogens (Reid et al., 2001) . L. fermentum RC-14 produces hydrogen peroxide and a biosurfactant that can inhibit adhesion of Candida albicans and Gardnerella vaginalis (Reid, 1999; Reid & Bruce, 2001; Reid et al., 2001) . There is also evidence that another Lactobacillus strain, L. crispatus CTV05, also producing hydrogen peroxide, can colonize the vagina for up to 28 days after vaginal administration for 3 days (Antonio et al., 2009) . These Lactobacillus strains are probably suitable as probiotics in prevention or treatment of vaginal infections. Each Lactobacillus strain may have special biological functions that could affect the vaginal microbiota in different ways.
In order to select strains suitable for treatment or prevention of disturbances in vaginal microbiota, it is important to assess the diversity and the quantities of Lactobacillus species naturally colonizing the vagina.
Many studies have investigated the vaginal Lactobacillus microbiota of healthy women and have shown similarities and differences with regard to the prevalence and diversity of populations of vaginal Lactobacillus species. For example, according to a study conducted in Sweden, the most common vaginal Lactobacillus species in Swedish women was L. crispatus (Vásquez et al., 2002) , while a study in Canada showed that in Canadian women L. iners was the most prevalent (Burton et al., 2003) . A study of the vaginal microbiota in America found L. jensenii to be the most frequently occurring species in the vaginas of American women (Vallor et al., 2001) . Geographical separation may be one of the reasons for the varying results of these studies. It may, therefore, be necessary to investigate the prevalence and diversity of vaginal Lactobacillus species in different countries to develop suitable probiotic therapies for disturbed vaginal microbiota in different populations.
Before advancements in molecular biology techniques, most studies of the vaginal microbiota used conventional culturedependent techniques to detect and identify bacterial species. These methods often involved plating samples on selective or non-selective media followed by classification into taxonomic groups based on phenotypic characteristics. Although these methods provide valuable information concerning the microbial composition of the vagina, they have limitations due to the fact that only a minority of bacterial species can be successfully cultured and isolated in laboratory conditions (Heilig et al., 2002; Fredricks et al., 2005; Hyman et al., 2005; Garg et al., 2009) . Today, most studies apply culture-independent techniques to evaluate microbial communities such as the vaginal microbiota (Antonio et al., 1999; Heilig et al., 2002) . These techniques are based on the analysis of DNA without relying on cultivation of the bacteria and can yield valuable information about the complexity of the microbial community (Byun et al., 2004; Bradshaw et al., 2006b; Ferris et al., 2007) .
Very few studies, however, have used culture-independent techniques to evaluate the diversity of vaginal Lactobacillus species in healthy Chinese women (Shi et al., 2009; Wang et al., 2009) . Shi et al. (2009) preliminarily used cultureindependent techniques to analyse only five vaginal samples of healthy Chinese women. Wang et al. (2009) analysed 223 vaginal samples but identified the strains after culture and isolation. Furthermore, none of the previous studies has quantified the species of Lactobacillus in the vaginal microbiota of Chinese women.
The present study evaluated the prevalence and the quantities of Lactobacillus species in the vagina of healthy fertile and postmenopausal Chinese women using molecular biology culture-independent techniques such as construction of a 16S rRNA gene clone library, species-specific and real-time PCR, and sequencing. IP: 54.70.40.11
On: Fri, 03 May 2019 23:35:44 mycoplasmal and human papillomavirus (HPV) infections, HIV infection, dryness, itching, burning sensation in the vagina, frequent or urgent micturition, odynuria, diarrhoea, pressure, swelling or ulceration observed during physical examination, history of urogenital tract infections in the last 6 months, and use of any antibiotic or antimycotic compounds in the last 1 month, as well use of douches or any other vaginal medication in the last 2 weeks. After exclusions, the study population consisted of 92 fertile women between 18 and 45 years old, and 22 postmenopausal women between 46 and 74 years old. The ranges of body mass index were 18-29 (mean 24±3.4) in fertile women and 20-29 (mean 26±2.2) in postmenopausal women. Each woman had one sex partner.
Sample collection. All women underwent careful vulvovaginal examination. Two sterile cotton swabs were rolled across the midvaginal wall of each woman. One of the two swabs was used to make a smear for assessment of the ecological condition of the vagina according to the Nugent scoring system (0-3, normal microbiota; 4-6, intermediate microbiota; and 7-10, BV). The smears were also prepared to examine the presence of fungal hyphae (Candida) and Trichomonas species. The other swab was suspended in 1 ml sterile PBS (pH 7.4) and stored at 220 uC until use. Samples were also taken for test of syphilis, Neisseria gonorrhoeae, Chlamydia trachomatis, Mycoplasma, HPV and HIV.
Genomic DNA extraction. Vaginal samples suspended in PBS and stored at 220 uC were first thawed at room temperature and then centrifuged at 10 000 g for 10 min. The pellets were resuspended in 200 ml lysis buffer (25 % ultrapure sucrose, 5 mM Tris, 1 mM EDTA, pH 8.0) containing 20 mg ml 21 lysozyme (Sigma-Aldrich) and incubated at 37 uC overnight. The next day, 5 ml (10 mg ml 21 ) RNase A (Sigma-Aldrich) and 80 ml SDS (10 %) were added and the samples were incubated at 60 uC for 1 h. The DNA extraction was continued by addition of 20 ml Proteinase K, using DNA Mini kit (Qiagen) in accordance with the instructions of the manufacturer. Concentration and purity of the isolated DNA were measured using a spectrophotometer (Thermo Scientific NanoDrop ND2000C). The DNA extracts were then stored at 220 uC until needed.
Species-specific PCRs. PCRs using species-specific primer sets were used to assess the presence of 14 different Lactobacillus species in the vaginas of the women. The names of primers, their sequences and origins are shown in Table 1 . Amplifications were performed in 25 ml reaction mixtures containing 16 PCR Master Mix (Promega), 1 ml genomic DNA template, and 1 ml each of forward and reverse primers. The annealing temperatures and amplicon sizes are listed in Table 1 . After amplification, the PCR products were analysed by electrophoresis in ethidium bromide-stained 1.5 % agarose gels and visualized under UV light. Ten per cent of the PCR products received from the same primer set were also sequenced to confirm their identity. The Lactobacillus species prevalence in the women was calculated.
Construction of clone libraries. In addition to species-specific PCRs, the vaginal Lactobacillus microbiotas of the women were also evaluated by construction of clone libraries. Each genomic DNA sample was diluted in sterile H 2 O to a concentration of 50-80 pg ml "1 . The 114 genomic DNA samples were divided into the following five groups: A, fertile samples 1-23; B, fertile samples 24-46; C, fertile samples 47-70; D, fertile samples 71-92; and E, postmenopausal samples 1-22. DNA samples within each group were mixed together and the five DNA pools were used to construct five different clone libraries. A primer set, specific to the genus Lactobacillus (LactoF/ LactoR, Table 1 ), was used to amplify internal fragments of 16S rRNA genes from each of the DNA pools. Amplifications were performed in 50 ml reaction mixtures, each containing 16 PCR Master Mix (Promega), 5 ml pooled DNA and 1 ml of each primer. Initial DNA denaturation was performed at 94 uC for 5 min followed by 35 cycles of denaturation at 94 uC for 30 s, annealing at 60 uC for 30 s and elongation at 72 uC for 1 min. The final extension step was carried out at 72 uC for 10 min. The reactions were performed using an Eppendorf Mastercycler. After amplification, the PCR products were analysed by electrophoresis in ethidium bromide-stained 1.5 % agarose gels followed by visualization under UV light.
The amplified products from each DNA pool were purified using Wizard SV Gel and a PCR Clean-Up System (Promega), and then ligated into pGEM-T Easy Vector (Promega) using a vector/insert ratio of 1 : 1, according to the procedure recommended by the manufacturer. Ligation mixtures were transformed into JM109 Competent Cells (Promega) and the cells were then subsequently plated onto Luria-Bertani (LB) agar plates containing ampicillin (25 mg ml 21 ), X-Gal (30 mg ml 21 ) and IPTG (20 mg ml 21 ). The plates were incubated overnight at 37 uC. Well-isolated white colonies, indicating positive clones, were selected from each plate representing a clone library. Each individual colony was then suspended in 1 ml LB broth containing ampicillin (100 mg ml 21 ) in 1.5 ml tubes. After 20 h of incubation at 37 uC, the cells from each bacterial culture were harvested and plasmid DNA was extracted using a Wizard SV 96 and SV 9600 Plasmid DNA Purification System (Promega). The clones were sequenced using Big Dye terminator chemistry (Applied Biosystems), as well as an ABI 3730 DNA Analyser (Applied Biosystems). The sequences of the clones were compared with 16S rRNA gene sequences in the Ribosomal Database Project (RDP, http://rdp.cme.msu.edu/index.jsp) and the GenBank database using the standard nucleotide BLAST program (BLASTN) (http://www.ncbi. nlm.nih.gov/blast/Blast.cgi). The clones were identified to the species level. Clones with at least 98 % similarity in their nucleotide sequences were considered to belong to the same bacterial species. The prevalence of each species of Lactobacillus identified in the study population was calculated and then compared with the prevalence measured by species-specific PCR.
Phylogenetic analysis was based on the species identified in the clone libraries. Clones, sequenced to at least 90 %, and corresponding reference strains were used for construction of a phylogenetic tree based on the neighbour-joining method. The nucleotide sequences of the reference strains were obtained from the GenBank and RDP databases. Sequence alignments were made using CLUSTAL_X (version 2.0). Errors were reduced by manual adjustments. The Chimera. slayer program (http://www.mothur.org/wiki/Chimera.slayer) was used to detect and exclude chimeric sequences. The distance matrix was calculated with DNADIST using the Jukes-Cantor model. A phylogenetic tree was constructed by the neighbour-joining method using MEGA (Version 4.0). Confidence estimates for the tree topology were tested by bootstrap analysis with 500 replicates. The corresponding region of the 16S rRNA gene sequence of Escherichia coli was used to root the phylogenetic tree.
The library size was estimated by Good's coverage, calculated according to Kemp & Aller (2004) Amplification and detection of target DNA were performed using an ABI 7500 sequence detection system (Applied Biosystems) with optical PCR tubes and caps. The reactions were carried out at 50 uC for 2 min and at 95 uC for 10 min, followed by 40 cycles at 95 uC for 15 s for each cycle. The reactions were finished at 60 uC for 1 min. Amplifications were carried out in triplicate.
Purified genomic DNA of L. delbrueckii subsp. bulgaricus (CGMCC 1.2624) in a 10-fold dilution series was used as a standard. Data were analysed using 7300 System Software (Applied Biosystems). The mean values of the triplicates regarding Lactobacillus DNA concentration in total isolated genomic DNA were calculated for each sample.
For semi-quantification of Lactobacillus species in the vagina, realtime PCRs were performed on purified DNA using specific primer sets (Table 1) for the 13 different Lactobacillus species, which previously were identified in vaginal samples by species-specific PCRs. Only DNA samples, positive for a given species according to the species-specific PCRs, were used as template in real-time PCRs.
Using an ABI 7500 sequence detection system (Applied Biosystems), the reaction parameters were the same as for the amplifications using the specific primer set for the Lactobacillus genus (see above). For quantification of L. plantarum, L. brevis, L. acidophilus and L. rhamnosus, purified genomic DNA from reference strains of L. plantarum (CGMCC1.124), L. brevis (CGMCC1.7), L. acidophilus (CGMCC1.2686) and L. rhamnosus (CGMCC1.26) in 10-fold dilution series were used as standards. For quantification of L. fermentum, L. salivarius, L. johnsonii, L. jensenii, L. paracasei, L. reuteri, L. crispatus, L. gasseri and L. iners, purified vector DNA, containing a corresponding 16s rRNA gene insert, was used as a standard in 10fold dilution series.
Associations among Lactobacillus species. To evaluate the potential relationships between pairs of Lactobacillus species, the Spearman Correlation test was used to analyse the quantitative data from each woman harbouring more than two Lactobacillus species.
RESULTS

Prevalence of Lactobacillus species by speciesspecific PCR
In the present study, 13 different Lactobacillus species were detected in the vaginas of healthy fertile Chinese women. Ten of these species were also identified in postmenopausal women (Table 2) .
Three per cent of the fertile women were colonized by one Lactobacillus species and 97 % were colonized by two or more species (15 % by two, 70 % by three-four, 11 % by Table 2 ). The less prevalent species in postmenopausal women were L. plantarum (9.09 %), L. acidophilus (4.55 %), L. brevis (4.55 %), L. johnsonii (4.55 %), L. salivarius (4.55 %) and L. paracasei (4.55 %). L. fermentum, L. rhamnosus and L. reuteri were not detected in the postmenopausal women and L. delbrueckii was not detected in either of the groups.
The prevalence of the most highly occurring species in postmenopausal women was rather low (22.73 %), and was even slightly lower than the prevalence rates of the lowoccurring species in fertile women (23.91 %). The prevalence of the least frequent species in postmenopausal women was higher than that of the fertile women (Table 2) . (Tables 2 and 3 ). The diversity of Lactobacillus species in the fertile women was greater than that of the postmenopausal women.
Lactobacillus species identified by construction of clone libraries
In the postmenopausal women, L. jensenii and L. gasseri were shown to be the most prevalent species by using species-specific PCR, and while L. gasseri was detected in the clone library, L. jensenii was not. In addition, L. acidophilus, L. brevis and L. paracasei had the same prevalence as L. johnsonii and L. salivarius, as indicated by species-specific PCR; however, L. acidophilus, L. paracasei and L. brevis were not detected in the clone library.
The phylogenetic tree (Fig. 1) Good's coverage was 99 % for the fertile group of women and for the women overall, which indicated that one additional phylotype might be expected for every 100 additional clones. As shown in Fig. 2 , the estimators S ACE and S chao1 for the fertile group of women and for the women overall reached an asymptotic maximum and stabilized, which indicates that the library was large enough to provide an unbiased estimate of phylotypes. Both S ACE and S chao1 calculations for postmenopausal women were seven; this was likely to be a minimal estimate because it did not plateau with the result of species-specific PCR.
Semi-quantification of the vaginal lactobacilli
The total Lactobacillus DNA was detected in higher quantities in the vagina of fertile women (mean of 87.157± 0.760 ng mg 21 ) compared with that of postmenopausal women (mean of 36.208±3.560 ng mg 21 ). The difference between the fertile and postmenopausal group was statistically significant (P,0.05) regarding the quantity of total Lactobacillus DNA.
The lowest quantity of total Lactobacillus DNA (303.00 pg mg 21 ) was detected in a postmenopausal woman, while the highest quantity (521.844 ng mg 21 ) was detected in a fertile woman. The quantity of the lactobacilli in a few of the postmenopausal women was higher than in some of the fertile women.
The quantities of Lactobacillus species varied greatly from woman to woman. The quantities of most Lactobacillus species were higher in fertile women than in postmenopausal women, while the percentages of most Lactobacillus species were lower in fertile women than in postmenopausal women (Table 4 ). In the vaginas of the fertile women, L. iners and L. crispatus were found in high quantities. In the vaginas of postmenopausal women, L. gasseri and L. jensenii were present in the highest percentages, but the quantities of these Lactobacillus species were comparatively very low in these women. Sixty-one, 35 and 2 % of the fertile women were predominantly colonized by L. iners, L. crispatus and L. gasseri, respectively.
Associations between Lactobacillus species
As shown in Table 5 , multiple associations were found between L. iners, as well as L. gasseri and several other Lactobacillus species. Associations between pairs of Lactobacillus species in the fertile women were statistically significant (P,0.05) between the following pairs: L. iners and L. gasseri, L. iners and L. jensenii, L. iners and L. acidophilus, L. gasseri and L. acidophilus, and L. gasseri and L. jensenii. Other associations were not statistically significant (P.0.05). Most of the postmenopausal women were colonized by only one Lactobacillus species; therefore the analysis between pairs of Lactobacillus species could not be done.
DISCUSSION
Unlike previous studies (Shi et al., 2009; Wang et al., 2009; Ling et al., 2010; Liu et al., 2010) , the present study detected 13 different Lactobacillus species in the vaginal microbiota of Chinese women. Without cultivation and isolation of vaginal bacterial species, we used molecular biological techniques to analyse the vaginal samples, while the previous studies on vaginal microbiota of Chinese women were based on culture-dependent techniques (Liu et al., 2006 Wang et al., 2009) . Due to the fact that only a small minority of microbes grow and form colonies on agar plates (Hyman et al., 2005) , it is likely that these previous studies could not detect some Lactobacillus species in the vaginal microbiota. For example, L. iners, a common vaginal bacterial species, does not grow on traditional selective agar such as MRS or Rogosa agar (Falsen et al., 1999) ; therefore this species cannot always be detected in studies based on culture-dependent methods. Moreover, isolation of bacterial species that are in low abundance may also be difficult in a complex bacterial community when culturing is used for further bacterial identification. Unfortunately, our study did not detect L. delbrueckii, which was found in some previous studies (Wang et al., 2009; Liu et al., 2010) . This may be because L. delbrueckii colonized very few Chinese women (Wang et al., 2009; Liu et al., 2010) and because the sample size of the present study was not big enough.
As expected, and confirming the results of previous studies (Hillier & Lau, 1997; Burton & Reid, 2002; Pabich et al., 2003) , the present study showed that the quantity of total Lactobacillus clones based on the analysis of 16S rRNA gene sequences from healthy vaginas. The tree was constructed using neighbour-joining algorithms based on 16S rRNA sequences. The sequences in bold type were found in this study (n is the number of clones with virtually the same sequence). Sequences with accession numbers in parentheses were selected from public databases (GenBank) . Bootstrap values .50 % based on 500 replicates are shown at the branch points. The sequence of Escherichia coli (AY098487.1) was used to root the tree. Bar, 10 % sequence divergence. Lactobacillus DNA was lower in postmenopausal women than in fertile women. Moreover, the numbers of coexisting Lactobacillus species in the vagina of postmenopausal women was less than in fertile women, which might be the main reason that the percentages of most Lactobacillus species were lower in fertile women than in postmenopausal women (Table 4 ). In addition, the profile of prevalent Lactobacillus species in postmenopausal women was different from that of fertile women in our study. The decrease of oestrogen may be the main reason that less lactobacilli colonized postmenopausal women than fertile women (Hillier & Lau, 1997; Devillard et al., 2004) . Other possible factors that affect vaginal lactobacilli may include changes in the receptors for bacteria to adhere host cells, changes in immune response and changes in other nutritional factors such as metal ions (Cauci et al., 2002) . As such, host factors may strongly influence which species are able to colonize the vaginal microenvironment (Lamont et al., 2011) .
In the present study, species-specific PCR detected L. jensenii, L. acidophilus, L. brevis and L. paracasei in the postmenopausal women. These four species were not detected by the clone libraries in the postmenopausal women, probably due to their low concentrations (2.397 ng mg 21 , 0.2241 ng mg 21 , 0.6425 ng mg 21 and 0.3012 ng mg 21 respectively), which was shown by the quantitative analysis. Another explanation for this difference might be the step of pooling many samples together in this study. The pooling of many samples could make it possible to analyse large numbers of samples without constructing many clone libraries simultaneously. However, this technique may not be suitable for analysing the vaginal Lactobacillus microbiota of postmenopausal women because most healthy postmenopausal women are not predominantly colonized by Lactobacillus species, and the quantities of Lactobacillus species are low in those who are (Hillier & Lau, 1997; Burton & Reid, 2002; Pabich et al., 2003) . When several vaginal samples from postmenopausal women were pooled together, the Lactobacillus species became less abundant in the pool, which possibly made finding a species less probable. The library size might also have influenced our result regarding the above difference. The estimation of coverage for the dataset of fertile women was large enough, but the number of clones may not have been large enough for the dataset of postmenopausal women.
The present study showed that three or four Lactobacillus species coexisted in the vagina of most healthy Chinese fertile women, a result which is similar to some previous studies on the vaginal microbiota (Walter et al., 2001; Zozaya-Hinchliffe et al., 2010) . However, some other studies found that only one Lactobacillus species colonized vagina (Antonio et al., 1999; Zhou et al., 2004; Kiss et al., 2007) . These varying results might be due to differences in the study population. Antonio et al. (1999) and Kiss et al. (2007) Heinemann & Reid, 2005) . Technique bias might be another reason for results varying among several studies.
In the present study, L. iners was the most prevalent Lactobacillus species, as was found by Shi et al. (2009) . Furthermore, our study found that L. iners, followed by L. crispatus, was the most predominant species in Chinese women. A study of multinational populations showed that L. crispatus was the most commonly predominant species in most populations (Pavlova et al., 2002) . The association between geographical area and Lactobacillus species may be partly explained by genetic factors, because the genetic capacity to produce antimicrobial factors could affect vaginal bacteria including Lactobacillus species (Linhares et al., 2010) . In addition, diet may influence the Lactobacillus species in the intestinal tract and the vagina (Lamont et al., 2011) . This geographical variation indicated that certain probiotic strains might not have the same beneficial effect in different populations.
Creating clone libraries is a preferred technique to investigate the diversity of a bacterial community in many studies; however, when a study needs a large sample size, creating clone libraries would be very expensive and timeconsuming. Therefore, studies based on construction of a clone library usually have small study populations (Shi et al., 2009; Shiraishi et al., 2011) . Shi et al. (2009) carried out a preliminary analysis of the vaginal microbiota of five Chinese women using a clone library technique, which detected three different Lactobacillus species from 1500 clones. The present study analysed the vaginal samples of 114 women by using a clone library technique and detected 13 different Lactobacillus species from 1018 clones. The significant difference between the results of the present study and the above two studies may depend on the large sample size and the use of a genus-specific primer set for amplification of 16s rRNA genes in the present study, which provided extended and additional biological information.
Phylogenetic relationships could be illustrated more correctly if the entire 16S rRNA gene sequences of each species were used for the analysis (Dewhirst et al., 2010) . In our study, the phylogenetic tree was constructed from partial (~240 bp) sequences of the 16S rRNA gene of reference strains and of the species detected in this study. Therefore, our phylogenetic tree may only provide an indication of the relationships among the Lactobacillus species present in vaginas of these women (Fredricks et al., 2005; Dewhirst et al., 2010) .
Exogenous micro-organisms, administrated for the purposes of improving health, are named probiotics. The World Health Organization (WHO) defines probiotics as live micro-organisms, which, when administered in adequate amounts, confer a healthy benefit to the host (Reid, 2006b) . The present study provides information about the prevalence and quantity of Lactobacillus species colonizing the vagina of healthy Chinese women. These Lactobacillus species could be potential sources of probiotics, although not all Lactobacillus species possess properties that are required to colonize the vagina and inhibit vaginal pathogens (Reid & Bruce, 2001) . Our future studies will focus on the properties of these Lactobacillus species and on elucidating the mechanisms governing their ability to (i) adhere to vaginal cells, (ii) produce compounds such as lactic acid, hydrogen peroxide and bacteriocins, (iii) inhibit pathogens, and (iv) modulate the host immune responses (MacPhee et al., 2010) . This knowledge would help us to select better probiotic strains and guide their proper use. In addition, the knowledge would provide us with a better understanding of how the normal vaginal microbiota reduces the risk of vaginal infectious diseases.
